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COMPOSITION USEFUL FOR ELASTOMERIC ARTICLES 
AND ARTICLES PREPARED FROM THE COMPOSITION 

This invention relates to a composition useful for preparing elastomeric articles 
5 such as films, fibers, woven articles and non-woven articles. The articles of this invention may 
be used in a wide variety of applications where elastomeric materials are useful. In particular, 
such articles are useful as low cost elastic members for disposable wearing apparel such as 
diapers and incontinent briefs, and other articles including medical gowns and disposable 
dresses. 

The use of thermoplastic elastomers in such applications is well known. One class 
of thermoplastic elastomers is block copolymers having monovinylidene aromatic monomer 
blocks and conjugated diene monomer blocks. Such thermoplastic elastomers are often 
difficult to process, in that pure thermoplastic elastomers often do not draw well when 
extruded into articles. Therefore, such thermoplastic elastomers are often blended with other 
, 5 polymers to improve their processing. Thus, thermoplastic polymers such as polypropylene, 
polystyrene, polyethylene, ethylene vinyl acetate copolymers and polyurethane are suggested 
for mixture with the thermoplastic elastomers. See Kelly, U.S. Patents 4,329,309, 4,173,612 and 
4,305,990. 

Such thermoplastic elastomers blended with thermoplastic resins may, in certain 
20 circumstances, have poor stress relaxation properties and stress strain test of such materials 
show significant permanent deformation. Furthermore, such materials demonstrate high 
creep compliance, wherein creep compliance is defined as the time-dependent ratio of strain to 
stress. In addition, the use of unsaturated styrene block copolymers, although desirable for 
improving the aforementioned mechanical properties undergo change during thermal 
25 processing resulting in changes in physical properties and melt viscosity. Also, such materials 
exhibit low modulus of elasticity values in both directions when in some applications, a high 
modulus of elasticity is required in at least one direction. 

Also, many elastomeric films yield balanced physical properties in the machine 
and transverse direction (that is, elastic modulus properties approximately equal in both 
30 directions). This is desirable in many applications. In other applications it is desirable to 
prepare films with unidirectional elastic properties (that is, elastic modulus properties in the 
machine direction which are much greater than in the transverse direction). 

Therefore, what is needed is a thermoplastic elastomer composition which is 
useful for making elastomeric articles which has good stress relaxation properties, high stress 
35 retention, low creep compliance properties and a limited change in melt viscosity during 
processing and good elastic properties in at least one direction (preferably the transverse 
direction). 
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The invention is a composition useful in preparing elastomeric articles which 
comprises: (a) from 70 to 95 parts by weight of one or more block copolymer(s) corresponding 
to Formula (I): A-B-R(-B-A) n or Formula (II): A x -(BA-)y-BA wherein each A is a polymer block 
comprising a monovinylidene aromatic monomer and each B is a polymer block comprising a 

5 conjugated diene andoptionally a monovinylidene aromatic monomer, R is the remnant of a 
multifunctional coupling agent, n is an integer from 1 to 5, x isO or 1, and y is a real number 
from 0 to 4, at least about 40 percent by weight of the block copolymers have the B block 
comprised of isoprene, the weight percent of monovinylidene aromatic monomer in the block 
copolymer is from 10 to 35 percent by weight, the total block copolymer composition contains 

1 o no more than about 4 percent by weight of a diblock of the formula B-A, the block copolymers 
have a melt flow rate of from 2 to 30; and 

(b) from 5 to 30 parts by weight of a thermoplastic polymer comprising one or more of 

(i) a copolymer comprising a monovinylidene aromatic monomer and an anhydride; 

(ii) polystyrene; or 
15 (iii) polyethylene; 

wherein the total parts of block copolymer and thermoplastic polymer is 100 parts. 

In another embodiment, the invention comprises elastomeric articles comprising 
the composition of the invention. Such articles included films, fibers, non-woven netting and 
woven articles from fibers of the invention. The composition of the invention prepares 

20 elastomeric articles wfth good stress relaxation properties (that is, high stress retention) low 
creep compliance and limited change in melt viscosity during processing. Elastomeric is used 
herein as defined in ASTM D 1 566-94 Standard Terminology Relating to Rubber. 

The primary component of the compositions claimed herein is one or more block 
copolymers according to Formula I or Formula II. Both linear and radial block copolymers are 

25 suitably employed in the invention. 

Preferable monovinylidene aromatic monomers for use herein include styrene 
and alkyl substituted derivatives of styrene. Examples include styrene, ct-methylstyrene, vinyl 
toluene. The most preferred monovinylidene aromatic monomer is styrene. The A polymer 
block comprises one or more monovinylidene aromatic monomers. The A polymer block may 

30 comprise no more than 1 percent by weight of an ethylenically unsaturated co-monomer which 
polymerizes under anionic conditions. Preferably the A polymer block contains no co- 
monomers. Preferably, the amount of monovinylidene aromatic monomer in the block 
copolymer is 10 percent by weight or greater, more preferably 1 2 percent by weight or greater. 
Compositions where the monovinylidene aromatic monomer content is less than about 

35 1 0 percent by weight have inadequate strength. Preferably, the amount of monovinylidene 
aromatic monomer in the block copolymer is 35 percent by weight or less, and more preferably 
28 percent by weight or less. Preferably, each monovinylidene aromatic monomer block has a 
peak molecular weight of 8,500 or greater and more preferably 9,000 or greater. Preferably, 
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each monovinylidene aromatic monomer block has a peak molecular weight of 1 8,000 or less, 

more preferably 16,000 or less. 

Conjugated dienes preferably employed in the present invention include 
1 ,3-butadiene, isoprene or mixtures thereof. Preferably, the conjugated diene is isoprene. 
5 Preferably the B block may further comprise no more than about 1 percent by weight of an 
ethylenically unsaturated co-monomer which is copolymerizable under anionic conditions. 
Preferably, the ethylenically unsaturated co-monomer useful in this invention consists of 
carbon and hydrogen. The conjugated diene block preferably has a peak molecular weight of 
35,000 or greater and more preferably 40,000 or greater. The conjugated diene block 
10 preferably has a peak molecular weight of 130,000 or less, more preferably 125,000 or less. In 
the embodiment where the block copolymer is in radial form, the diene blocks' peak molecular 
weight can range from 50,000 to 240,000. Preferably, the block copolymer has a peak 
molecular weight of 50,000 or greater, more preferably 60,000 or greater, and even more 
preferably 70,000 or greater. Preferably, the block copolymer has a peak molecular weight of 
, 5 180,000 or less, more preferably 160,000 or less and even more preferably 1 50,000 or less. A 
blend of two or more block copolymers may be used in this invention. 

Molecular weights are determined by gel permeation chromatography 
employing a polystyrene standard. Molecular weights for all blocks or polymers except 
polystyrene based block or polymers, are corrected according to the method disclosed in 
20 Runyon et al., ■ of Ae oNed Pnlvmer Science 13, 2359 (1969) and Tung, I of Applied Polymer 

Science 24, 953 (1979). 

Most preferably, however, the block copolymers are triblock copolymers, that is, 
Formula (I) wherein n is equal to 1 or Formula (II) where x is 1 and y is 0. Preferably the block 
copolymer component comprises a blend of a styrene-isoprene-styrene triblock copolymer and 

25 a styrene-butadiene-styrene triblock copolymer. In such embodiment, preferably, the 

styrene-isoprene-styrene block copolymer is present in an amount of 40 percent by weight or 
greater, more preferably in 50 weight percent or greater, even more preferably 60 weight 
percent or greater and most preferably 70 weight percent or greater. Preferably, the 
styrene-isoprene-styrene triblock copolymer is present in an amount of 95 weight percent or 

30 less, more preferably 90 weight percent or less and most preferably 80 weight percent or less. 
In such blend, the styrene-butadiene-styrene triblock copolymer, if present, is present in an 
amount of 5 percent by weight or greater, more preferably 10 percent by weight or greater 
and most preferably 20 percent by weight or greater. Preferably, the 

styrene-butadiene-styrene triblock copolymer is present in an amount of 60 percent by we.ght 
35 or less, more preferably 50 percent by weight or less, even more preferably 40 percent by 
weight or less and most preferably 30 percent by weight or less. 

Preferably, the block copolymer or mixture of block copolymers has a melt flow 
rate (g/10 minutes, 200°C, 5 Kg) of greater than or equal to 1 , more preferably the block 
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copolymer has a melt flow rate of 2 or greater and most preferably 3 or greater. Preferably, the 
block copolymer or mixture of block copolymers has a melt flow rate of 30 or less and more 
preferably of 25 or less and most preferably 20 or less. 

The block copolymer composition contains no more than the specified amount of 

5 diblock copolymers. Diblock copolymers are polymers which contain only one monovinylidene 
aromatic monomer block and one conjugated diene block. The presence of significant diblock 
results in inferior properties in elastomeric articles prepared from the compositions of the 
invention, for example, lower stress retention and higher creep compliance. Preferably, the 
diblock copolymers are present in an amount of 4 percent by weight or less and more 

1 o preferably 2 percent by weight or less of diblocks are present. The presence of diblock can be 
prevented by choice of process to prepare the block copolymers. In particular, if a sequential 
polymerization process is used, the product is substantially free of diblock copolymers. Such 
sequential polymerization processes are well known in the art and preferred for the 
preparation of the block copolymers used in this invention, see for instance U.S. 

1 5 Patent 5,242984 and U.S. Patent 5,134,968. 

The composition of the invention may contain an extender which comprises 
hydrocarbon oils or pdlymers or oligomers derived from monomers having olefinic 
unsaturation compatible with the B block, or mixtures thereof. Among preferred extenders are 
aliphatic hydrocarbon oils or naphthenic oils, or mixtures thereof. More preferred extenders 

20 are the aliphatic hydrocarbon oils. The preferred aliphatic hydrocarbon and naphthenic oils 
are selected according to the ultimate end-use and the cost of such oils. Some commercially 
available block copolymers contain processing oils which are in effect extenders. Among 
preferred oils are TUFFLO'" 6056 mineral oil (trademark of Atlantic Richfield Company) and 
SHELLFLEX'" 371 mineral oil (trademark of Shell Oil Company). The preferred polymers useful 

25 as extender include styrene-ethylene-butene, polyisoprene, polybutadiene, polyethylene vinyl 
acetate, polyethylene methacrylate, ethylene-propylene diene monomer based polymers, 
styrene-butadiene random copolymers and ethylene-styrene copolymers. More preferred 
polymers include polyisoprene, polybutadiene, styrene-butadiene random copolymers and 
hydrogenated forms of such polymers. Most preferred polymers include polyisoprene, and 

30 polybutadiene and the hydrogenated forms of each polymers. The presence of an extender, 
especially an oil, tends to degrade the properties of the films prepared from the compositions 
of the invention. If too much is present the films do not exhibit the desired properties. The 
extender or oil, if present, is present in an amount of 14 percent by weight of the block 
copolymer composition or less, more preferably 1 0 percent by weight or less, even more 

35 preferably 5 percent by weight or less and most preferably 0. 

In Formula (I), n is preferably 1 to 3 and more preferably 1. In Formula (II), x is 
preferably 1 and y is preferably an integer of from 0 to 2, and more preferably y is the integer 0. 
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Blended with the block copolymers is a thermoplastic polymer which enhances 
the processability and the final properties of the articles made from the composition of this 
invention. The thermoplastic polymer comprises a copolymer of a monovinylidine aromatic 
monomer and an anhydride copolymer, polyethylene, polystyrene, or a mixture thereof. 
. in one embodiment, the thermoplastic polymer is a monovinylidene aromatic 

monomer anhydride copolymer. The monovinylidene aromatic monomer anhydride 
copolymers comprise in polymerized form from 3 to 35 weight percent of an unsaturated 
dicarboxylic acid anhydride and from 65 to 97 weight percent of a monovinylidene aromatic 
monomer. In one embodiment the monovinylidene aromatic monomer anhydride copolymers 
, o are rubber-modified, with conventional rubber modifiers well known in the art. Preferable 
anhydrides include maleic anhydride, itaconic anhydride, citraconic anhydride and aconitic 
anhydride. Aromatic monovinylidene monomers include styrene, vinyl toluene, chlorostyrene, 
a-methylstyrene and t-butylstyrene, dichlorostyrene. Mixtures of said monomers may also be 
used. Preferably, the copolymer is a styrene-maleic anhydride copolymer. 
1 Various methods are known whereby the monovinylidene aromatic monomer 

anhydride copolymer may be prepared. Non-equimolar copolymers, such as described above, 
are readily prepared by a continuous process such as described in U.S. Patent 2,769,804. 
Preferably, the monovinylidene aromatic monomer anhydride is a homogeneous, essentially 
gel-free copolymer prepared according to U.S. Patent 3.336,267. The copolymers useful in this 
2 0 invention preferably have a melt flow rate of 0.1 or greater and more preferably 1 .0 or greater 
(g/10 minutes, 230X, 2.16 Kg). The copolymers useful in this invention preferably have a melt 
flow rate of 10.0 or less and most preferably 6.0 or less. Styrene maleic anhydride copolymers 
most preferred for use in this invention are available from Arco Chemical under the trademark 
and designations DYLARK* 332, and 232. Also useful are rubber-modified styrene maleic 
25 anhydride copolymers available under the trademark and designations DYLARK* 238, 250 and 
278 In this embodiment, the films prepared from the composition exhibit unidirectional 
elasticity in the transverse direction. In particular the films are elastic in the transverse direction 
and relatively non-elastic in the machine direction. 

In another embodiment, the thermoplastic polymer is polystyrene. The 
30 polystyrene useful in this invention is any polystyrene which enhances the processing of the 
composition of this invention and the properties of the articles made from the composition of 
this invention and preferably has a melt flow rate of 0.1 (g/10 minutes, 200 C. 5 Kg) or greater 
and more preferably 1 .0 or greater. Polystyrene useful in this invention preferably has a melt 
flow rate of 20 or less and more preferably 1 5 or less. Polystyrene useful in this invention is 
35 available commercially from a variety of sources. Preferred polystyrene useful herein is crystal 
polystyrene and high impact polystyrene which is modified with rubbers having T g less than 
0'C preferably less than -20'C. to modify the impact properties of the foregoing 
monovinylidene aromatic polymers. Examples of preferable rubbers are homopolymers of C 4 , 



8/24/2008, EAST Version: 2.3.0.3 



WO 96/16122 



PCT/US95/12873 



conjugated dienes, especially butadiene or isoprene; copolymers of one or more 
monovinylidene aromatic monomers and one or more C^ s conjugated dienes, especially 
butadiene or isoprene; copolymers of ethylene and propylene or ethylene, propylene and a 
non-conjugated diene, especially 1 ,6-hexadiene or ethyl idene norbornene; homopolymers of 

5 alkyl acrylates; copolymers of C^ alkyl acrylates and a copolymerizable co-monomer, 

especially a monovinylidene aromatic monomer or a C,^ alkyl methacrylate. Also included are 
graft polymers of the foregoing rubbery polymers wherein the graft polymer is a 
monovinylidene aromatic polymer. A most preferred rubbery polymer is polybutadiene or a 
styrene-butadiene copolymer. Most highly preferred polystyrenes and high impact 

1 o polystyrenes are those wherein the polystyrene matrix has a weight average molecular weight 
(M w ) from 60,000 to 225,000 (preferably from 100,000 to 225,000 and more preferably from 
1 50,000 to 225,000). Examples of polystyrene preferred for use in this invention include 
polystyrene available from The Dow Chemical Company under the trademarks and 
designations STYRON* 685, STYRON* 613, STYRON* 623 and STYRON* 615 APR. 

1 5 In another embodiment, the thermoplastic polymer is polyethylene. Polyethylene 

useful in this invention is any polyethylene which enhances the processing of the composition 
of this invention and the properties of the articles made from the composition of this 
invention. Preferred classes of polyethylene are polyethylene plastomers, high impact 
polyethylene, low density polyethylene, linear low density polyethylene or ultra low density 

20 polyethylene. Preferably, the polyethylene has a melt flow rate of 0.1 or greater (g/10 minutes, 
190°C, 2.16 Kg), and more preferably 0.5 or greater. Preferably, the polyethylene has a melt 
flow rate of 8 or less, more preferably 6 or less, and most preferably 4 or less. Polyethylene 
preferred for use in this invention includes low density polyethylene and polyethylene 
plastomers available from The Dow Chemical Company under the trademark and designation 

25 LDPE 681 1, LDPE 640, LDPE 510, and LDPE 550 for low density polyethylenes and AFFINITY* PL 
1840, PL 1880, and PL 1845 polyethylene plastomers. 

In a preferred embodiment, the block copolymer is present preferably in an 
amount of 70 parts by weight or greater of the total composition, more preferably 75 parts by 
weight or greater and most preferably 80 parts by weight or greater. The block copolymer is 

30 present in an amount of 95 parts by weight or less of the total composition, preferably 90 parts 
by weight or less and most preferably 85 parts by weight or less. The thermoplastic polymer is 
present in an amount of 5 parts by weight or greater, more preferably 10 parts by weight or 
greater and most preferably 15 parts by weight or greater. The thermoplastic polymer is 
preferably present in an amount of 30 parts by weight or less of the total composition, more 

35 preferably 25 parts by weight or less and most preferably 20 parts by weight or less. As used 
herein, parts by weight related to the block copolymer and thermoplastic polymer refers to 
compositions wherein the sum total of the parts of the two components is equal to 100 parts. 
The amount of thermoplastic polymer used is dependent upon the article produced and the 
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method of producing the article. One skilled in the art would recognize the necessary 
properties which the composition of the invention must have to allow the composition to be 
processed by the chosen method. For instance, films may be cast wherein as little as 5 parts by 
weight of thermoplastic polymer is used, whereas, at least about 1 5 parts by weight of the 
; thermoplastic polymer is preferably used to prepare films by extrusion blowing methods. 

In one preferred embodiment, the thermoplastic polymer is a blend of the 
monovinylidene aromatic monomer anhydride copolymer with polyethylene, polystyrene or a 
mixture thereof. The total amount of thermoplastic polymer in this embodiment is preferably 
30 parts or less and more preferably 25 parts by weight or less. A composition according to the 
, o invention contains preferably 20 parts by weight or less of the total composition of 

monovinylidene aromatic monomer anhydride copolymer. Such composition comprises no 
more than 1 0 parts by.weight polystyrene, polyethylene or a mixture thereof. If present, such 
blend comprises preferably 1 part by weight or greater of the total composition of polystyrene, 
where present, more preferably 2 parts by weight or greater. Such composition comprises 
! 5 preferably 1 0 parts by weight or less of polystyrene and more preferably 7 parts by weight or 
less of polystyrene and more preferably 5 parts by weight or less of polystyrene. If present, 
polyethylene is present in an amount of 1 part by weight or greater and more preferably 2 
parts by weight or greater. Such blend preferably comprises 1 0 parts by weight or less of 
polyethylene, more preferably 7 parts by weight or less of polyethylene and most preferably 5 

2o parts by weight or less of polyethylene. 

In another embodiment, the processing aid is a blend of polyethylene and 
polystyrene. Such blend comprises preferably 2 parts by weight or greater of the total 
composition of polystyrene, more preferably 3 parts by weight or greater of polystyrene and 
most preferably 5 parts by weight of polystyrene. Such composition comprises preferably 
25 1 5 parts by weight or less of polystyrene, more preferably 1 0 parts by weight or less of 

polystyrene and most preferably 7 parts by weight of polystyrene. Such blend comprises 5 parts 
by weight or greater of polyethylene, more preferably 7 parts by weight or greater of 
polyethylene and most preferably 1 0 parts by weight of polyethylene. Such blend preferably 
comprises 28 parts by weight or less of polyethylene, more preferably 1 5 parts by weight or less 
30 of polyethylene and most preferably 1 3 parts by weight of polyethylene. 

The composition of this invention may further include ingredients commonly 
used in the art in compositions useful in preparing elastomeric articles, such as antiblock 
substances, antistatic agents, and slip agents, see for instance U.S. Patent 4,476,180. 

Preferred compositions of the invention may contain from 0 to 20 parts by weight 
35 of commercial antiblock substances, preferably from 1 to 1 0 parts by weight. The preferred 
antiblock material is silica in a blend with polyethylene, for example, Product 1901 , a 50-50 
mixture of polyethylene and silica available from Southwest Chemical, Houston, Texas. The 
polyethylene component from this additive is a part of the thermoplastic polymer add .trve. 
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Parts by weight as used herein for additional additives means parts per 100 parts of the claimed 
composition of the block copolymer and the thermoplastic additive. 

Reduction of blocking in the films of the present invention can also be obtained 
by loading the film surface with small particles or powders such as chalk, clay, silica, and similar 
5 materials. Powdered polymeric materials (for example., polytetrafluoroethylene) can also be 
used to reduce blocking. Those skilled in the art would recognize how much of this additive to 
utilize. 

Antistatic agents may be used in compositions of the invention; examples of such 
agents include ethoxylated amines and quaternary amine salts having organic constituents of 

10 1 2 to 1 8 carbon atoms in length. Agents of this type slowly defuse to the surface of the film 
and, because of their ionic character, form an electrically conductive layer on the surface of the 
film. Antistatic agents commonly constitute from 1 to 5 parts of the weight of the composition. 

Slip agents may be incorporated into the composition of the invention to reduce 
die lip build-up and drag over rollers and other forming equipment. Examples of such agents 

1 5 are those commonly derived from amides of fatty acids having 1 2 to 22 carbon atoms. Such 
agents may augment the antiblocking properties of the composition of the invention. Such slip 
agents are commonly incorporated in compositions in amounts of from 0.05 to 5 parts by 
weight of the composition. A preferred slip agent is KEMAMIDE* 'E' ultra fatty amide 
(Erucamide) available from Humko Chemical Division, Witco Chemical Corp., Memphis, 

2o Tennessee, U.S.A. 

In order to minimize degradation of films of the invention during processing by 
extrusion or other techniques, heat stabilizers and antioxidants commonly used in the art may 
be added to the compositions. Examples of heat stabilizers and antioxidants that may be used 
include IRGANOX* 101 0 tetrakis(methylene (3,5- di-tert-butyl-4-hydroxyhydrocinnamate)) 

25 methane, IRGANOX* 1076 octadecyl 3,5-di-tert-butyl-4-hydrohydroxycinnamate and 

IRGANOX* 565 4-((4,6-bis(octylthio)-s-triazin-2-yl)amino)-2,6-di-tert-butylphenol. Secondary 
antioxidants may be used with the primary antioxidants, for example aromatic phosphite 
compounds such as tris-nonyl-phenol phosphite. Heat stabilizers and antioxidants are 
incorporated in the compositions of the invention at a level of from 0.05 parts to 1 .5 parts by 

30 weight of the composition, when used. 

Degradation of the films of the present invention by exposure to ultraviolet light 
can be moderated by the addition of photostabilizers known in the art. Examples of preferred 
photostabilizers include derivatives of benzophenone. Such photostabilizers are generally 
incorporated in the polymer formulations at a level of from 0.1 parts to 3 parts by weight of the 

35 composition, when used. 

Pigments may be added to the polymer formulations to impart a particular color 
to the resulting films. Pigments are typically added to the resin blend in the form of 

-8- 



8/24/2008, EAST Version: 2.3.0.3 



WO 96/16122 



PCTAJS95/12873 



15 



concentrates, formulated to improve dispersion of the pigment, at levels of from 0.5 parts to 
5 parts by weight of the composition, when used. 

The optional constituents described hereinabove may be used alone or in 
combination with any or all of the other optional constituents. If the additive is added in 
5 admixture with a thermoplastic polymer as described herein, the amount of thermoplastic 
polymer mixed with the additive is counted in the total amount of thermoplastic polymer used 
in the formulation. 

The compositions of the invention may be prepared by contacting the ingredients 
in an appropriate mixing device such as an extruder, twin-screw extruder or a high efficiency 
10 mixer typically used for thermoplastics or thermoplastic elastomers, such as a Banbury or Farrel 
Continuous Mixer (FCM). For laboratory size samples a bench top intensive mixer such as a 
Haake Rheocord 90 with a mixing bowl is preferred. The mixing can be performed in the 
process of forming an article, for instance, in a blown film or cast film process, or as a separate 
step. When mixing is performed in an apparatus separate from the forming device, the 
composition is pelletized using conventional peptizing equipment such as that offered by 
Gala industries Inc, Eagle Rock, Virginia, U.S.A., and Conair Jetro, Bay City, Michigan, U.S.A. 
Pelletized product in such embodiments is then fed directly to the forming device. The mixing 
is preferably performed at a temperature of about 130°C or greater and more preferably at a 
temperature of about 1 50"C or greater. The mixing is preferably performed at a temperature 
20 of about 225'C or less and more preferably at a temperature of about 205X or less. 

The compositions of this invention can be formed into elastomeric objects such as 
films, fibers, netting and can be used as is or attached to woven articles and non-woven articles. 
Processes for preparing such materials are well known to those skilled in the art. Films may be 
prepared using extrusion blown means or cast means. 
25 Extrusion blown films may be prepared from the compositions of this invention 

using standard equipment, standard techniques and typical conditions. A polyolef in-type 
extruder is preferred, but other designs are also acceptable. A die gap of 5 to 1 20 mils 
(1 27 microns to 3048 microns) is acceptable, a gap of 10 to 80 mils (254 microns to 2032 microns) 
is preferred, and a gap of 20 to 50 mils (508 microns to 1 270 microns) is most preferred. Melt 
30 temperatures of 170'C to 225'C are acceptable and between 175»C and 205°C are preferred. A 
blow-up ratio of 1 .0: 1 .0 to 3.0: 1.0 is preferred. Rapid cooling of the extruder blown film ,s 
preferably performed by a dual lip cooling ring. Due to the low modulus of the film produced 
from the composition of this invention, a rollered collapsing frame is preferred to avoid bubble 
chatter. 

35 A f ilm which is extrusion blown from the composition of this invention is between 

0 5 and 1 0 mils (1 2.7 microns to 254 microns) in thickness, and is preferably between 1 and 
6 mils (25.4 microns to 1 52.4 microns) in thickness and is most preferably between 1 and 4 mils 
(25.4 microns to 101.6 microns) in thickness. 
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Cast films can be processed at extruder conditions and die gaps similar to 

extrusion blown films. Draw down ratios of 5: 1 to 20: 1 are preferred. 

Creep compliance properties were determined according to ISO 899-1981 (e) 

modified for elastomeric products. Strain is measured by hanging a 300 g weight from a 
5 sample for a period of 60 minutes in a forced air oven at 37. 2°C with a 1 inch (2.54 cm) gauge 

mark on the sample. For compression molded specimens the sample is an ASTM-D 41 2 Type C 

dumbbell (0.76 mm thick). Measurements are taken in the oven under load after 60 minutes. 

For film samples the samples are 25.4 mm wide x 101.6 mm long x 0.076 mm thick. 

Measurements are taken at 0 and 60 minutes. The percent strain is determined at 60 minutes. 
10 Creep compliance is the time-dependent ratio of strain to stress during creep and the units are 

MPa\ 

Stress relaxation properties were determined according to ASTM D2991-84. Stress 
relaxation is defined as the time-dependent decrease in stress in a solid under given constraint 
conditions. Stress relaxation is measured using an INSTRON Model 1 1 23 load frame with a 
1 5 22.67 kg load cell, at 25.4 mm gauge length; only one specimen was tested and data was 
collected up to a maximum of 30 minutes; single point relaxation data is reported herein as 
stress retention. Stress retention is defined as the fraction of initial force at maximum 
extension retained after 30 minutes of relaxation (retention = stress (30 minutes)/ stress 
(initial) x 100). 

20 Preferably, the elastomeric articles of this invention have a creep compliance of 

1.5 MPa"' or less and most preferably 1.0 MPa" 1 or less in at least one direction. Preferably, the 
elastomeric articles of the invention have a permanent deformation of 1 0 percent or less and 
more preferably 8 percent or less as measured according to ASTM-D 4649. Permanent 
deformation is measured at 200 percent elongation. Preferably, the elastomeric articles of the 

25 invention have a retention in at least one direction of 60 percent or greater and more 
preferably 65 percent or greater. 

In applications where a high modulus of elasticity is required in at least one 
direction while retaining elastic performance in the perpendicular direction, articles of this 
invention are prepared preferentially with a monovinylidene aromatic monomer anhydride 

30 copolymer as the thermoplastic material. Articles.of such composition preferably demonstrate 
the elastomeric properties defined in the preceding paragraph in at least one direction. 
Articles of the invention preferably demonstrate a modulus of elasticity in at least one direction 
of 60 MPa or greater, even more preferably 75 MPa or greater and more preferably 90 MPa or 
greater as measured according to ASTM-D 882. 

35 The following examples are included for illustrative purposes only and are not 

intended to limit the scope of the claims. Unless otherwise stated, all parts and percentages are 
by weight. 

The following materials were used in the examples. 
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SBS is VECTOR* 8550-D styrene block copolymer (28.7 percent styrene, 
71,3 percent butadiene, melt flow rate of 6.4 g/10 minute, (200°C, 5.0 Kg load)) having a peak 

molecular weight of 77,603. 

SIS-1 is VECTOR* 4100-D (15.1 percent styrene, 84.9 percent isoprene, melt flow 
5 rate 4.9 g/10 minute (200°C, 5 Kg load) having a peak molecular weight of 1 57,358. 

SIS-2 is VECTOR* 421 1 styrene block copolymer (30.0 percent styrene, 70.0 percent 
isoprene, melt flow rate 10.6 g/10 minute (200°C, 5 Kg load) having a peak molecular weight of 
93,812). 

SIS-3 is VECTOR* 6101-D styrene block copolymer (18.8 percent styrene, 
10 81.2 percent isoprene, melt flow rate 10.4 g/10 minutes (200°C, 5 Kg load) having a peak 
molecular weight of 1 23,935). 

SIS-4 is VECTOR* 41 13 styrene block copolymer (a blend of a 
styrene-isoprene-styrene triblock copolymer and a diblock of styrene-isoprene (18.0 percent 
diblock, 15.3 percent styrene, 84.7 percent isoprene, melt flow rate 10.5 g/10 minute, (200°C, 5 
! 5 Kg load) having a peak molecular weight of 1 51 ,607). 

SMA is DYLARK* 332, a styrene maleic anhydride copolymer (having a melt flow 

rate of 1.9 g/10 minutes, (230°C, 2.16 Kg load). 

PE is Dow LDPE* 681 (density 0.922 g/cc, melt flow rate 5.52 g/1 0 minute (200°C, 5 

Kg load)). 

2Q p S isSTYRON* 685 polystyrene (melt flow rate 3.0 g/10 minute (200°C, 5 Kg load)). 

AO is IRGANOX* 1010 hindered phenolic-type antioxidant. 
KE is KEMAMIDE* E ultra fatty amid (Erucamide) slip agent. 
ABC is Southwest Chemical Co., antiblock concentrate (50% LDPE/50% silica), 

Product 1901. 

25 Molecular weights were determined according to gel permeation 

chromatography using polystyrene standards. More particularly, size exclusion 
chromatography was used. The apparatus used has 2 columns of 1 0AS A, 1 column of 10A4 A 
and one mixed bed. The solvent was tetrahydrofuran (THF). The temperature was 40°C. The 
apparatus was calibrated over a range of 1350 to 3,1 50,000 polystyrene standards from 

30 Polymer Labs. Molecular weights were corrected according to Runyon, supra. 
Example 1 

23.8 g of SBS, 23.8 g of SIS-1 . 4.2 g of PS, 4.2 g of LDPE, and 0.28 g of AO was 
pre-mixed into a 400 mL container. A Haake Rheocord 90 torque rheometer with Model 600 
mixing bowl was pre-heated (Zones land 3: 193'C;Zone2: 188°C). The above mixture (56 g 
35 total) was loaded into a bowl with rotorsturning at 20 RPM and the overhead ram, which had 
5 Kg weight, was lowered. The rotor was increased to 50 RPM within 3 minutes. At 50 RPM, 
zone temperatures were adjusted to maintain polymer melt near 200°C. After 1 0 minutes 
processing, the rotors were stopped, the mixer disassembled, and the fused mixture removed 
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and immediately placed on pre-heated Farrel 3 inches by 7 inches (7.6 cm by 17.8 cm) roll mill 
(Model 3FF500) at 155°C roll temperature for 90 seconds. The sheet was removed and used for 
subsequent testing. Sheets were prepared (approximately 0.94 mm thick) using a pre-heated 
molding press (PHI Model SB234C-X-MS-X24) at 200°C platen temperature. 7.0 to 7.5 g of the 

5 above roll mill specimen was evenly distributed into a 75 mm wide by 1 1 5 mm high by 0.94 mm 
thick chase layered between tetrafluoroethylene-coated glass sheet and metal backing plates. 
The alignment of roll mill direction was tracked. The specimen was molded as follows: 
pre-heat 3.0 minutes at minimal pressure; medium force 0.5 minutes (10,000 Kg ram force); 
material cure 3.0 minutes (20,000 Kg ram force); cooling period 4.5 minutes (20,000 Kg ram 

1 0 force, ambient temperature water cooling). The specimens were stored at least 24 hours at 
23°C and then die-cut using an ASTM-D 1822 Die L. Relaxation data were determined 
according to ASTM D2991-84 using an INSTRON Model 1 123 load frame with a 22.67 kg load 
cell. Initial gauge length was 25.4 mm and only one specimen per compound was tested. 
Samples were pulled transverse to the roll mill direction to 200 percent elongation at a rate of 

1 5 508 mm/ minute crosshead rate and data collected at regular intervals up to a maximum of 30 
minutes as described as follows: 



Time(Min.) 


0 


0.5 


1 


2 


3 


5 


10 


20 


30 


Force (N) 


5.52 


4.67 


4.58 


4.49 


4.40 


4.31 


4.14 


4.00 


3.87 



20 Single-point relaxation data is reported as stress retention where stress retention 

or retention is defined as the fraction of initial stress that is retained at 30 minutes 
(retention = stress (30 minutes)/ stress (initial) x 100). In this example, stress retention is 
3.87/5.52x100 = 70.1%. 

Using the above-type specimens, tensile properties were obtained according to 

25 ASTM-D 412: ultimate tensile strength = 17.84 MPa, ultimate elongation at break = 

1 006 percent; force at 1 50 percent, 200 percent and 300 percent was 1 .79 MPa, 2. 1 2 MPa and 
2.94 MPa, respectively. Using above-type specimens, permanent deformation was determined 
according to ASTM 4649 (A13, Type I material method modified as follows: crosshead rate at 
25.4 mm per minute, 25.4 mm gauge length, 200 percent maximum elongation tested only, 

30 compression molded specimens). Results were 4.8 percent permanent deformation. Melt flow 
rate (ASTM D1 238, 200°C, 5 Kg) for the processed blend was 6.8 g/10 minutes. Using specimens 
prepared as described above, creep compliance properties were determined according to 
ISO-899-1981 1981 (E) modified for elastomeric products (37.2°C in a forced air oven, 300 g 
force, 60 minutes, ASTM-D 41 2 Type C specimens, 0.91 mm thick, 25.4 mm gauge length, 

35 percent strain measured. Creep compliance for the processed blend was 0.062 MPa '. 
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Example 2 

4849 g of S1S-3, 572 g of LDPE, 285 g of PS, 143 g of KE and 57 g of AO were 
blended in a 20-liter closed bucket for 20 minutes, then compounded and pelletized on a 
Werner-Pfleiderer ZSK twin-screw extruder (1340 mm length, 1 atmospheric vent, 4 die holes of 
5 3mmdiameter). The extruder was operated at 200 RPM, 133°Cto 185°C The pellets were 
dried. Film was blown from pellets using a Modern Plastics Machine (MPM) film tower 
attached to an MPM single-screw extruder with a 48 mm diameter die. Temperatures were 
171°C to 19TC and layflat was approximately 216 mm. Film specimens were cut using a 
25.4 mm x 1 52.4 mm die in both machine direction and transverse direction from a test sample 
10 of 0 08 mm thickness (Blow Up Ratio (BUR) = 2.9, and Draw Down Ratio (DDR) = 8.8). 

Machine direction results were: ultimate tensile strength = 19.68 MPa, ultimate elongation at 
break = 950 percent, force at 100 percent. 150 percent and 300 percent elongation - 
2.33 MPa, 2.61 MPa and 3.25 MPa, respectively. Transverse direction test results were: ultimate 
tensile strength = 17.84 MPa, ultimate elongation at break = 950 percent, force at 
15 1 00percent,150percent a nd300percente.ongation = 1.79 MP.. 2.01 MPa and 2.52 MPa, 
respectively. Relaxation data were collected as in Example 1 except that film type specimens 



were i 



sea. 

Time (Min.) 


0 


0.5 


1 


2 


3 


5 


10 


20 


30 


Force (N) 


4.63 


3.91 


3.84 


3.77 


3.72 


3.67 


3.60 


3.51 


3.44 



20 



In this example, stress retention is 3.44/4.63 x 100 = 74.3%. 
Results according to ASTM-D 4649 (A1 3, Type I material method, crosshead note 
at 1 01 .6 mm per minute, 101 .6 mm gauge length. 200 percent maximum elongation tested 
only) were 8.8 percent permanent deformation. 
25 Creep compliance data were collected as in Example 1 except that film type 

specimens were used. Creep compliance for the film in the transverse direction was 0.626 
MPa" 1 . 

Examples 3-17 

Compositions and compression molded samples were prepared and tested 
30 according to Example 1 . The compositions of each sample are compiled in Table I. The results 
of testing are compiled in Table I. Standard processing means processing for 10 mmutes. 
Extended processing means processing for 45 minutes. In Table I the total amount of all 
components for each example is 100 weight percent. In Table I parts SBC and parts 
thermoplastic refers to the parts of SBC and thermoplastic present, respectively, in relafonsh.p 
35 to the total parts of SBC and thermoplastic present. 
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Example 18 

307 Pounds (139.5 Kg) of SIS-3. 156 pounds (70.9 Kg) of SBS, 101 pounds (45.9 Kg) 
of SMA, 29 pounds of ABC, 2.89 pounds (1.3 Kg) of AO and 3.47 pounds (1 .57 Kg) of KE were 
blended in a 500-liter ribbon blenderf or 30 minutes, then compounded and pelletized on a 
5 Werner-Pf leiderer ZSK-70 twin-screw extruder equipped with a Gala pelletizer (1 atmospheric 
vent, 24 die holes of 6.35 mm diameter). The extruder was operated at 250 to 300 rpm, 145 to 
21 5°C. Pellets were placed on a pre-heated Farrel roll mill as described in Example 1 and 
prepared into sheets and tested as in Examples 3 to 17. The results are compiled in Table 2. 

Film was blown from pellets using a Modern Plastics Machine (MPM) film tower 
10 attached to an MPM single-screw extruder with a 48 mm diameter die. Temperatures were 
1 60°C to 205°C and layf lat was approximately 200 mm. Film specimens were cut using a 25.4 
mm by 1 52.4 die in both the machine and transverse direction from a test sample of 0.076 mm 
thickness (BUR = 2.7, DDR = 7.34). Machine direction results were: ultimate tensile strength 
= 1 5.20 MPa, ultimate elongation at break = 906 percent, force at 1 50 and 300 percent 
! 5 elongation = 7.27 MPa and 7.92 MPa respectively. Transverse direction results were: ultimate 
tensile strength = 12.03 MPa, ultimate elongation at break = 881 percent, force at 150 and 
300 percent elongation = 1.77 MPa and 2.45 MPa respectively. Relaxation data were collected 
as in Example 2 for film specimens. 



20 



Time (Min.) 


0 


0.5 


1 


2 


3 


5 


10 


20 


30 


Force (N) 


3.71 


3.20 


3.07 


2.98 


2.91 


2.83 


2.71 


2.60 


2.54 



In this example, stress retention is 2.54/3.71 x 100 = 68.4% 

Results for permanent deformation, according to ASTM D4649 (A1 3, Type 1 , 
25 material method, crosshead rate at 25.4 mm/min., 25.4 mm gauge length, 200 percent 

maximum elongation tested only), were 7.4 percent permanent deformation. 

Results according to ASTM 882 for elastic modulus (25.2 mm x 152.4 mm x 0.076 

mm sample, 101 mm gauge length, 2.54 mm per 25.4 mm strain rate) were for the machine 

direction 1 19.5 MPa and forthe transverse direction 6.15 MPa. Creep compliance data were 
30 collected as in Example 2. Creep compliance for the machine direction 0.003 MPri and forthe 

transverse direction 0.852 MPa-V 

Example 19 

A sample was prepared and tested according to Example 18. The compos.t.on 
and results are compiled in Table II and are compared to Example 1 8 in Table II. 

35 
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TABLE II 





EXAMPLES 




18 


19 


Inaredients. wt.% 






SIS-3 


51.20 


65.62 


CDC 
3D 3 


2606 


16.40 


SMA 


16.90 


0 


PS 


0 


4.86 


PE 


0 


7.22 


ABC 


4.81 


4.86 


AO 


0.46 


0.46 


KE 


0.56 


059 


Formulation - ComDOiition 






Parts SBC 


80 


85 


Parts Thermoplastic 


20 


15 


oj cic cor 
n MS OT 


66 


80 


% Diblock 


0 


0 


% Styrene in SBC 


21.81 


20.26 


Phvsital Properties - Plagues 






Melt Flow Rate, g/1 0 min. 


10.8 


10.8 


Tensile Strength, MPa 


11.38 


14.21 


150% Modulus, MPa 


2.37 


1.57 


200% Modulus, MPa 


2.90 


1.89 I 


300% Modulus. MPa 


4.06 


2.50 


Ultimate Elongation, % 


1075 


1163 


Stress Ret., % 


61.4 


73.6 


Perm. Def., % 


4.1 


4.5 


Creep Compliance, MPa' 1 


0.684 


1.050 


Physical Properties - Films 






Film Thickness, mm 


0.0762 


0.0762 


Blow Up Ratio 


2.68 


2.68 


Draw Down Ratio 


622 


6.22 


Tensile Strength, MPa 




Machine Direction (MD) 


15.20 


14.35 


Transverse Direction (TD) 


12.03 


13.80 


150% Modulus, MPa 






MD 


7.27 


2.04 


TD 


1.77 


1.59 


300% Modulus, MPa 






MD 


7.92 


2.42 


TD 


2.45 


2.03 


Ultimate Elongation, % 






MD 


906 


975 


TD 


881 


944 


Elastic Modulus, MPa 






MD 


119.50 


10.15 


TD 


6.15 


4.11 


Stress Ret., % at 30 min. 






MD 


45.3 


68.4 


TD 


68.3 


73.2 


Perm. Def ., % 






MD 


16.4 


12.6 


.IB , 


7.4 


7.9 I 


Creep Compliance, MPa at 60 min. 






MD 


0.003 


0.517 


TD 


0.852 


0.541 



35 
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Comparison of Examples 3 to 6 to Examples 7 to 10, respectively, establishes that 
product containing 18.69 percent diblock show lower percent stress retention while having 
similar permanent deformation properties. These examples differ only in the diblock level. 
High stress retention values are better for elastic properties. 
5 Creep Compliance 

Comparison of Examples 3 to 6 to Examples 7 to 1 0, respectively, establishes that 
lower creep compliance values are obtained for similar materials when diblock is not present 
and when styrene is present in the thermoplastic polymer. Comparison of Example 4 to 
Example 5 further shows that styrene-maleic anhydride block copolymer is superior to 
10 polystyrene and polyethylene as the thermoplastic polymer. Low creep compliance values are 
desired for most purposes. 

Thermoplastic Content (Level Percent Ther moplastic Effect) 

Comparison of Examples 1 1 , 12 and 1 3 established that increasing levels of 
thermoplastic results in reductions in the creep compliance value while at the same time 
! 5 showing lower stress retention values. Those skilled in the art will be able to determine the 
appropriate balance of creep compliance and stress retention for a given application. 
Melt Flow Rate/Processing Effect 

Comparison of Examples 1 , 3, 1 5. and 16 show that products containing up to 
50 percent styrene-isoprene-styrene as a part of the block copolymer composition maintain a 
20 consistent melt flow rate after extended processing, while product containing 1 00 percent 
styrene-butadiene-styrene show unacceptable melt flow rate properties after extended 
processing. High viscosity (low melt flow rate) makes practical processing difficult on 
conventional equipment. Maintaining a consistent melt viscosity during processing is desired 
for most purposes. 
25 Percent Stvrene in the-SBC 

Comparison of Examples 1, 3, and 17 to Examples 14, 15 and 16 respectively, 
establishes that products containing less than 29 percent styrene in the block copolymers 
component show higher stress retention while maintaining acceptable creep compliance value 
and permanent deformation properties. 
30 Production of Elastomeric Articles - Film 

Examples 18 and 19 demonstrate that elastomeric films can be readily 
manufactured on conventional plastic equipment to meet the property requirements for an 
acceptable elastomeric article. Example 18 describes a useful article with elastomeric 
properties in only one direction (transverse direction only) while Example 19 describes a useful 
35 article with elastomeric properties in both directions (machine and transverse directions). 

Example 1 8 further demonstrates an elastomeric article with a high modulus of elasticity in the 
machine direction while retaining elastic performance in the transverse direction. 
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1 . A composition useful in preparing elastomeric articles which comprises: 

A. from 70 to 95 parts by weight of one or more block copolymer(s) 
corresponding to the formula: A-B-R-(B-A)„ (Formula (I)) or A x -(BA-)y-BA (Formula (II)) 

5 wherein each A is a polymer block comprising a monovinylidene aromatic monomer and each B 
is a polymer block comprising a conjugated diene, X is the remnant of a multifunctional 
coupling agent, and n is an integer from 1 to 5, x isO or 1, and y is a real number of from 0 to 3, 
at least 40 percent by weight of the block copolymers have the B block comprised of isoprene, 
the weight percent of monovinylidene aromatic monomer in the block copolymer is from 1 0 to 

1 0 35 percent by weight, the total block copolymer composition contains no more than 4 percent 
by weight of a diblock of the Formula B-A, the block copolymers have a melt flow rate of from 
2 to 30; and 

B. from 5 to 30 parts by weight of a thermoplastic polymer comprising one or 

more of: 

15 i. a copolymer comprising a monovinylidene aromatic monomer and an 

anhydride; 

ii. polystyrene; or 

iii. polyethylene; 

wherein the total parts of block copolymer and processing aid is 100 parts and films prepared 
20 from the composition exhibit a creep compliance of 1 .5 

MPa 1 or less as measured according to ISO 899-1981 (E) modified for elastomeric articles, a 
retention force of 60 percent or greater as measured according to ASTM-D 2991 at 30 minutes, 
and a permanent deformation of 1 0 percent or less as measured according to ASTM-D 4649. 

2. The composition of Claim 1 wherein the average weight percentage of 
25 monovinylidene aromatic monomer in A is from 1 0 to 28 percent and the copolymers have a 

peak average molecular weight of from 50,000 to 180,000. 

3. The composition of Claim 1 or 2 wherein the block copolymer contains 
2 percent by weight or less of diblock. 

4. The composition according to any one of Claims 1 to 3 wherein the block 
30 copolymer is present in an amount of from 75 to 90 parts by weight and the monovinylidene 

aromatic monomer anhydride copolymer, polystyrene, polyethylene or a mixture thereof is 
present in an amount of 10 to 25 parts by weight. 

5. The composition according to any one of Claims 1 to 4 wherein the block 
copolymer is a mixture of from 40 to 100 parts by weight of a triblock of 

35 styrene-isoprene-styrene and of from 0 to 60 percent by weight of a triblock of 
styrene-butadiene-styrene. 

6. The composition according to any one of Claims 1 to 5 wherein the 
thermoplastic polymer is a monovinylidene aromatic monomer anhydride copolymer. 
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7. The composition according to any one of Claims 1 to 6 wherein the 
monovinylidene aromatic monomer content of the block copolymer is from 1 0 to 22 percent by 
weight. 

8. An elastomeric article comprising the composition according to any one of 

5 Claims 1 to 7. 

9. An elastomeric article according to any one of Claims 1 to 8 which is in the form 
of a film, one or more fibers, woven fibers or a non-woven netting. 

10. The elastomeric article according to any one of Claims 1 to 9 wherein the 
modulus in at least one direction is 60 MPa or greater, as measured according to ASTM D882- 

10 83. 



15 



20 



25 



30 



35 
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